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1. Introduction

Diffractive deep inelastic scattering (DIS) presents a\atriking signature in which the pro-
ton does not break up, a large (rapidity) gap of inactivitpriesent in the direction of the proton
and a high energy scattered electron is observed. Suchgsexein which the four-momentum
exchangeQ?, of the virtual photon is sufficiently high, are amenable tedictions of perturbative
QCD. The extent to which diffraction can be described by Q€nhvestigated here; as diffrac-
tion represents about 10% of the total DIS cross sectiors, éssential to understand its nature.
Diffraction, according to the factorisation theordr [1dndbe described as a convolution of a hard
scattering process and diffractive parton density fumsti®PDFs) which describe the densities of
partons in the proton in a process containing a fast protaharfinal state. Additionally, Higgs
Bosons may be produced (at the LHC) via a diffractive proaesgich fast protons are detected;
a deeper understanding of diffraction could therefore mithé discovery of the Higgs Boson.

The extraction of DPDFs has been performed by several gi@.fs4] which have been able
to successfully describe diffractive DIS data. Jet dat&laso been usefl [3] in fits to improve the
gluon density. However, the DPDFs can not describe Tevatata [] on diffraction, being about
an order of magnitude higher that the data. This apparetarfaation breaking can be roughly
described by invoking models of secondary scatters whistralethe rapidity gap of inactivity [ 9].
Therefore the thrust of these proceedirngs [6] is to use thet precise ZEUS data on diffractive
DIS and jet production in diffractive DIF][T] 8] and improvétkeoretical assumptions to provide
the best DPDFs possible to both test pQCD and to be used fdicting other processes.

2. Fitting framework and procedure

The DPDFs are parametrised as a function of the hard s@8leand the longitudinal mo-
mentum fractiongz of the parton entering the hard sub-process. This assurnempvertex fac-
torisation, used to model the dependence on the fractioheofrtomentum of the proton carried
by the diffractive exchanges,. Two contributions were assumed, called Pomeron and Reggeo
separately factorisable into a term depending only,0and a term depending only arandQ?,

fiD (Za Xp Qz) = fe (le) fi (Za Qz) + fIR(XIP) fiIR(Z7 Qz) )

where the Reggeon parton densiti€8(z Q?), were taken from a parametrisation derived from fits
to pion structure-function datf ]10] and the Pomerfytx,) [[l, and Reggeonf,(x,) [LT], fluxes
were taken from elsewhere. Next-to-leading-order (NLO)UA® QCD theory was fit to the data
by minimising ax? using the “offset” method. The renormalisation and fastibn scales were
both set toQ when fitting the inclusive data and @ and the transverse jet energijret, when
fitting the jet data. The general-mass variable-flavour remsbheme[[12] was used to account for
charm and bottom of masses 1.35 and 4.3 GeV. The starting wealQ3 = 1.8 Ge\? with strong
coupling constantgs(Mz) = 0.118.

Three different fits were performed : two to the inclusiveaddits “S” and “C”, but with
different parametrisations for the gluon densAy,ng (1—2% or Ag, respectively; and one fitting
both the inclusive and jet data, fit “SJ”, with the same patasation as fit S.
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3. Fitresults

Results of the NLO QCD fit to the high-statistics inclusivéfrdictive DIS data at lowQ? are
shown in Fig[]L as a function of, for different values of the Bjorken variablg, Only data above
5Ge\2 were used in the fit and are described well; data below 5G@gVe a poor fit and could not
be described within this framework. Data at higfggrare similarly well described. Complimentary
data, where the proton was tagged event-by-event ratheisthtistically, determined by a lack of
activity in the direction of the proton, were also well deised, although they are of lower precision
and hence do not constrain the fit with the same power as tHidsg. .

® ZEUSLRG99-00 =~ —— ZEUSDPDF S - = - ZEUS DPDF S (extrapolated)
o
3 0.06f B =0.006 B=0015 B=0038 B=0.091 Jroat @ (GeV))
o 0.04 - . —
X 002 * o *ee _%ecee "~ Lee 25
0.06 =0.020 8=0.052 $=0.123 B =0.280
0.04 ¢ 35
. -
0.02 K] s %00 e
0.06 B=0.026 B =0.066 B=0.153 B=0.333
0.04 k) 4.5
&
0.02 se Seq Feonas i
0.06f B=0014 B=0032 $=0079 =0.180 8=0379
0.04 . 5.5
0.02| ~ ae oot “Seece

0.04

0.06f B=0.016 B =0.037 B=0.092 B=0.206 =0419

0.02 g -~ oo eee
0.06f B=0.021 B =0.048 p=0.117 B=0.254 B =0.486
0.04 85
002 - .o Soe B
0.06f B=0.029 B =0.066 $=0.158 B=0.324 B=0.571
0.04 ‘\\ 12
002 et sen *ves
0.06[ B=0.038 B=0.086 =0.200 B=0.390 B‘:)f:j
0.04 16

AL L)
0.02 Y Y *." \“_
0.06f B=0.052 $=0.115 B=0.256 B=0.468 B=0710
0.04 h\‘{

- P 22
0.02] Teve \‘l
10° 107 10°  10° 10% 10*  10° 107 10%  10° 10% 10° 10° 10? 10*

Xip

Figure 1: Comparison of NLO QCD DPDF fits to inclusive diffractive DIgtd at lowQ?.

The two fits to the inclusive data only, fits S and C gave sindlatributions for the quark
densities with small uncertainties propagated from theergental data. The gluon density was
very different between the two, particularly at higland lowQ?. As the production of dijets in
diffractive DIS is directly sensitive to the gluon conterittbe diffractive exchange, data on jet
production were included. The fit, SJ, to the dijet data wasdgee Fig[]2) with a similarly
good description of the inclusive diffractive data. Theaglwdensity from fit SJ, with comparable
uncertainties to that of the quark density, is similar td tfdit C and fit S is ruled out.

4. Comparison of fits with other data

Figure[8 shows the fit SJ compared to the inclusive diffractiata used in the fit along with
the H1 DPDF, Fit B[R] which was fit to a similar measurementdrthe H1 Collaboration. The
H1 fit uses the fixed-flavour number scheme for heavy quarka,with Q* > 8.5 Ge\?, and were
scaled to account for the different definition of the massefriucleon; the two fits are otherwise
similar in spirit. Forf3 < 0.2, the shapes of the two fits are similar and differ by 10%, isterst
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Figure 2: (Left) Comparison of DPDF fits to jet data, when not used infthe(Right) Resulting parton
densities when including jet data into the fit along with usiVe diffractive data.

with the relative normalisation uncertainty. In regionsemthe fits are extrapolated, they often
deviate and also at high@rwhich reflects the consistency of the two data sets.

Comparison of DPDFs extracted in DIS with jet photoprodarttilata, in which the scattered
electron escapes detection down the beam-pipe providewerfub test of the validity of factori-
sation. In jet photoproduction, two processes can be cereid: the direct process where all the
photon’s energy participates in the hard interaction amsihislar to DIS; and resolved processes in
which the photon develops a partonic structure andytheollision is similar to a hadron-hadron
collision. A measure of the fraction of photon’s energy iggtiting in the hard directiorn@?s,
is shown in Fig[]3. The DPDF convoluted with the matrix-eletealculation gives a good de-
scription of this variable with no discernible differencethe description for higlxﬂf,bs (direct) and
Iow—x§’,IOS (resolved) processes. The DPDFs are also able to descabe gnoduction in DIS[[6].

5. Summary

A QCD fit has been performed to inclusive and dijet diffragtdeep inelastic scattering data.
The data are well described by this fit and the quark dengitiesh the inclusive data) and gluon
densities (from the jet data) are well constrained. The f& ttabe performed for data with
Q? > 5Ge\? with data and fit deviating below this value; this may indécatfundamental limit
in perturbative QCD. The DPDFs can successfully predicefeethdent measurements : charm
production in deep inelastic scattering and jet photopctido.

The resultant DPDFs are similar to those extracted preljidosm H1, differing by about
10%. Clearly these improved DPDFs will not improve the dgsion of Tevatron data in which
the prediction is an order of magnitude too high. Howevérplotoproduction data where a part
of the cross section can be considered as a hadron-hadesadtibn, and hence lead to secondary
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Figure 3: (Left) Comparison of ZEUS DPDF fit to the ZEUS data along wite DPDF from the H1, Fit B.
(Right) Comparison of ZEUS DPDF fit with dijet photoproductidata. The fractional uncertainty due to
the renormalisation scale uncertainty is also shown.

interactions, is well described by the extracted DPDFss Hioies not imply a contradiction given
the differences in a hadronic-photon and a hadron colljstoich as the “point-like” component

of the photon structure, and the different energy scaleslved. Further improvements will be

achieved through higher-precision measurements and stadeing differences between the two
collaborations and ultimately combining the data. Thid piit predictions of Higgs production at

the LHC on a surer footing, but the reliability of these potidins is a moot point.
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